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March 8th 2014: Impact of wind
and solar on net-load at CAISO
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MISQO, CAISO, and others are introducing markets for ramping

products o
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Q: Which of these has anything to do with energy?
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Some of the Challenges

© Ducks

@ Ramps

© Regulation
@ Contingency

Q: Which of these has anything to do with energy?

A: none!
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Ancillary Service — free, like Digital Music



Ancillary Service

as free as Digital Music
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Today: PJM decomposes regulation signal based on bandwidth,
R = RegA + --- + RegD
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Ancillary Service as free as Digital Music

Control Architecture

Frequency Decomposition
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Today: PJM decomposes regulation signal based on bandwidth,
R = RegA + --- + RegD

Proposal: Each class of DR (and other) resources will have its own
bandwidth of service, based on QoS constraints and costs.
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Ancillary Service as free as Digital Music

Frequency Decomposition
Taming the Duck
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ISOs need help:... ramp capability shortages could result in a single, five-minute
dispatch interval or multiple consecutive dispatch intervals during which the price
of energy can increase significantly due to scarcity pricing, even if the event does
not present a significant reliability risk http://tinyurl.com/FERC-ER14-2156-000

3/21


http://tinyurl.com/FERC-ER14-2156-000

Ancillary Service as free as Digital Music

Frequency Decomposition
Taming the Duck

One Day at CAISO 2020
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to address engineering challenges, and
to avoid scarcity prices

Do we need ramping products?
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Ancillary Service as free as Digital Music

Frequency Decomposition

Taming the Duck
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One Day at CAISO 2020

I Net Load Curve

This doesn’t look at all scary!
We need resources, but anyone here
knows how to track this tame duck
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Frequency Decomposition

Taming the Duck
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Frequency Decomposition

Taming the Duck
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Net Load Curve

The duck is a sum of a smooth energy signal,
and two zero-energy services
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Zero marginal cost?
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Ancillary Service as free as Digital Music

Frequency Decomposition

Smoothing Contingencies

One Day at CAISO: 4GW loss at 6am
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Frequency Decomposition
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Frequency Decomposition
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Frequency Decomposition

Smoothing Contingencies

One Day at CAISO: 4GW loss at 6am
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Ancillary Service as free as Digital Music

Frequency Decomposition

Smoothing Contingencies
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Ancillary Service as free as Digital Music

Frequency Decomposition

Regulation
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Ancillary Service as free as Digital Music

Frequency Decomposition

Regulation

' | Goal: Gw (t) + G.(t) = 4GW N ]
G, (t) obtained from
oF generation? .
Jan 01 JanI 02 JanI 03 JanI 04 JanI 05 Jan 06

6/21



Ancillary Service as free as Digital Music

Frequency Decomposition

Regulation

Gr=G1+ G2+ Gs3

Jan 01 Jan 02 Jan 03 Jan 04

1
Jan 05

Jan 06

6/21



Ancillary Service as free as Digital Music

Frequency Decomposition

Regulation

Gr=G1+ G2+ Gs3

Jan 01

Jan 02

Jan 03 Jan 04

1
Jan 05

Jan 06

6/21



Ancillary Service as free as Digital Music

Frequency Decomposition

Regulation

Gr=G1+ G2+ Gs3

Jan 01

Jan 02

Jan 03 Jan 04

1
Jan 05

Jan 06

6/21



Ancillary Service as free as Digital Music

Frequency Decomposition

Regulation

GW
N

Gr=G1+ G2+ Gs3
G Where do we find .
these resources?

1
Jan 01 Jan 02 Jan 03 Jan 04 Jan 05 Jan 06

6/21



Ancillary Service as free as Digital Music

Frequency Decomposition

Regulation
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These resources are free! Fans, Irrigation, pool pumps, ...
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Demand Dispatch
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Demand Dispatch
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Demand Dispatch

G, =G+ G2+ G3

4
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Demand Dispatch: Power consumption from loads varies automatically
and continuously to provide service to the grid, without impacting QoS to
the consumer

+ ——— (G Traditional generation

G+ Water pumping (e.g. pool pumps)

G'3 Fansin commercial HVAC
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Demand Dispatch

Responsive Regulation and desired QoS
— A partial list of the needs of the grid operator, and the consumer

High quality AS? (Ancillary Service)
Reliable?
Cost effective?

Customer QoS constraints satisfied?
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Demand Dispatch

Responsive Regulation and desired QoS
— A partial list of the needs of the grid operator, and the consumer

High quality AS? (Ancillary Service)
Reliable?
Cost effective?

Customer QoS constraints satisfied?

Demand Dispatch: achieve these goals simultaneously
from flexible loads, through distributed control
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Demand Dispatch

General Principles for Design

Local feedback loop
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@ Each load monitors its state and a regulation signal from the grid.
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Demand Dispatch

General Principles for Design

Local feedback loop Two components to local control
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@ Each load monitors its state and a regulation signal from the grid.

@ Prefilter and decision rules designed to respect needs of load and grid
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Demand Dispatch

General Principles for Design

Local feedback loop Two components to local control

CL» o ! Load 7 ! CL»» Prefilter || Decision :
Control

C i ]

TXZ

@ Each load monitors its state and a regulation signal from the grid.
@ Prefilter and decision rules designed to respect needs of load and grid
@ Randomized policies required for finite-state loads
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Demand Dispatch

MDP model

MDP model

The state for a load is modeled as a controlled Markov chain.

Controlled transition matrix:
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MDP model

MDP model

The state for a load is modeled as a controlled Markov chain.
Controlled transition matrix:

Pc(aj,g;/) = P{Xt+1 = ‘II’J | Xt =, Ct = C}

Local feedback loop Two components to local control
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Questions:
e How to design F:? e How to analyze aggregate of similar loads? J
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Demand Dispatch

How to analyze aggregate?
Mean field model, R. Malhame et. al. 1984 —

State process:
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State process:
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Evolution: g1 = e,

Output (mean power): y; = Z,ut(x)u(:v)

Nonlinear state space model Linearization useful for control design
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Demand Dispatch

How to analyze aggregate?
Mean field model, R. Malhame et. al. 1984 —
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State process:
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Output (mean power): y; = Z,ut(as)u(x)

Nonlinear state space model Linearization useful for control design
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Demand Dispatch

Nonlinear state space model: ju11 = P, yr = (pu, U)

Linearization useful for control design
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Control Architecture

Frequency Allocation for Demand Dispatch
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A typical macro model of the power grid
Motivation for Pl control architecture, and fear of droop gain

H. Chavez, R. Baldick, and S. Sharma. Regulation adequacy analysis under high wind penetration scenarios in ERCOT nodal. IEEE Trans. on Sustainable Energy, 3(4):743-750, Oct 2012.
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Control Architecture

Frequency Allocation for Demand Dispatch
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and phase uncertainty
in this bandwidth
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Control Architecture

Frequency Allocation for Demand Dispatch
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Fans in commercial buildings in the state of Florida
can supply all of the RegD and RegA regulation needs of PJM
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Control Architecture

Frequency Allocation for Demand Dispatch
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The bandwidth of these devices is centered
around their natural cycle
the capacity is enormous in this bandwidth
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Control Architecture

Frequency Allocation for Demand Dispatch
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Demand Dispatch

Control Architecture
Frequency Allocation for Demand Dispatch
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Imagine the capacity
from water pumping
in California?




Demand Dispatch

Information Architecture: ¢; = f(7)

Focus of recent research
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Focus of recent research
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Distributed control design includes local filter:
o Filtering at each load to create homogeneous response

@ Aggregate behaves as a perfect battery in a limited bandwidth

By design: Balancing authority requires only grid-level information.
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Demand Dispatch

Information Architecture: ¢; = f(7)

Focus of recent research

55
g3 (= f(Aw)  gridfreq (Schweppe ...)
Q
i z ¢=f(y) load power (Inria/UF 2013+)
o «Q
= ¢=f(p) load histogram ~ (Montreal/Berkeley/Mich)

Distributed control design includes local filter:
o Filtering at each load to create homogeneous response

@ Aggregate behaves as a perfect battery in a limited bandwidth

By design: Balancing authority requires only grid-level information.

Two warnings:
e High frequency AS (primary control) is not included in these studies
o Phase lag and delay for low frequency AS may induce cost because of
additional AS required
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Information Architecture: ¢; = f(7)

Analysis: Classical control design

@ Filtering at each load to create homogeneous response

@ Aggregate behaves as a perfect battery in a limited bandwidth

By design: Balancing authority requires only grid-level information.

Balancing Authority wants

20

Phase (deg)

High Gain Here Low Gain Here
D%,
o >
£,y — 2w _ g,
oS 2o Sa L%
£ Eg €St £¥e 2
353 JT g wY= c
< T - T —— e . ﬁ%
—a S.o SE=
g 9= w9 uwE€S E
P ® @
g -y = ; o |9 e

10
Frequency (rad’s)

o
Frequency (rad/s)

16/21



Control

C

(710

[=l=]=]=]=]

[ Gswbne |
H— —
[ Baeies |

i

}LOAD;
SE e

NI

Power Grid

H

Conclusions

Voltage
Frequency
Phase



Conclusions

Conclusions

The virtual storage capacity from demand dispatch is enormous

With appropriate filtering and local control, DD can provide excellent
ancillary service, even without two-way communication.

Bandwidth ranges from AGC to RTM!
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Conclusions

Conclusions

The virtual storage capacity from demand dispatch is enormous

These resources are free! Fans, Irrigation, pool pumps,
Demand-side resources could replace our real-time markets!
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Conclusions

Conclusions

The virtual storage capacity from demand dispatch is enormous

These resources are free! Fans, Irrigation, pool pumps, ...

Not so fast!  Zero marginal cost # free

Conclusions
@ Ancillary Service can be as free as Digital Music

@ However, as often happens in power systems, as well as music,
there is a huge sunk-cost

@ Challenge: economic theory for the music industry

FERC Order 755 is a nice start.

Will the Supreme Court give us a new and improved
FERC Order 745 in the spring?
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Conclusions

Thank You!
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